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THE BUXACEAE IN THE SOUTHEASTERN 

UNITED STATES' 


R. B. ChannelU and C. E. Wood, Jr.^ 


BUXACEAE Dumortier, Comment. Bot. 54. 1822, nom. cons. 


(Boxwood Family) 


Monoecious [or dioecious, rarely perfect-flowered] evergreen shrubs, sub¬ 
shrubs, or rhizomatous herbs [rarely trees], with entire or dentate, alternate or 
opposite, exstipulate leaves, the hypogynous flowers actinomorphic, borne in 
usually dense racemes, spikes, or heads, the staminate above the carpellate, 
the latter rarely solitary, both usually subtended by 1 to several bracts and 
bracteoles. Perianth of 4 [or 6] imbricate tepals in 2 pairs [or in whorls]. 
Androecium of 4 [or 6] stamens opposite the tepals, sometimes surrounding a 
central nectary [or a rudimentary gynoecium], the distinct filaments often thick¬ 
ened and bearing large anthers. Gynoecium [2- or] 3-carpellate with [as many 
or] twice as many locules, each with [2 or] 1 (respectively) pendulous anatropous 
ovules, the carpels connate below, distinct above, grading at length into linear- 
subulate style branches stigmatic along the inner surface, often becoming di¬ 


vergent, divaricate or recurved in fruit. Fruit [a loculicidal capsule forcibly 


ejecting the seeds (Bilxus) or] apparently indehiscent but capsular, baccate [or 
drupaceous], regularly failing to dehisce, disarticulating below, falling entire 
and freeing the enclosed seeds from the base or by degeneration of fruit pulp. 
Seeds dark brown or black, shining, sometimes conspicuously carunculate; 
endosperm fleshy. (Buxacees Loiseleur, Man. PI. Us. Indig. 2: 495. 1819, nom. 


inval.) Type genus: Buxus L. 


'Prepared for the Generic Flora of the Southeastern United States, a long-term project currently 
made possible through the support of National Science Foundation grants BSR-8415769 (Carroll E. 
Wood. Jr., principal investigator) and BSR-8415637 (Norton G, Miller, principal investigator). The 
116th in the series, this paper follows the format established in the first one (jour. Arnold Arb. 39: 
296-346. 1958) and continued to the present. The area covered by the Gencnc Flora includes North 
and South Carolina, Georgia, Florida, Tennessee, Alabama, Mississippi, Arkansas, and Louisiana. 
The descriptions are based primarily on the plants of this area, with information about extra-regional 
members of a family or genus in brackets [ ]. The references that we have not verified arc marked 

with an asterisk. 

This treatment was originally prepared by Channcll. Channcll’s student. H. C. Robbins, later studied 
the genus Pachysandra under his supervision and produced the thesis quoted in the references. 
Channell and Wood have updated the text and references. The illustration of Pachysandra procumhens 


was prepared by Dorothy H. Marsh, with Channell’s dissections and supervision, from plants grown 
at the Arnold Arboretum and fruits collected by Elsie Quarterman in Tennessee in May, 1957 (gh). 
We are indebted to Barbara Nimblett for her help with the references and the manuscript. 
-Department of General Biology, Box 1501, Vanderbilt University, Nashville. Tennessee 37203. 
'Arnold Arboretum of Harvard University. 22 Divinity Avenue. Cambridge. Massachusetts 02138. 


(ci President and Fellows of Harvard College, 1987. 
Journal of the Arnold Arboretum 68: 24 1-257. April, 1987. 
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An apparently ancient group, to judge from the diversity of the constituents 
(including about 70 species of Biixus, seven or eight of Notobuxus Oliver, 11 
of Sarcococca Lindley, and four of Pachysandra Michaux) and the widespread 
intercontinental distribution, especially in the Old World tropics. The family 
has been treated as a tribe of the Euphorbiaceae (Bentham; Bentham & Hooker), 
or a “series” (Buxeae) of the Celastraceac (Baillon, 1875), or assigned variously 
to the Celastralcs (Schob). the Euphorbiales (Takhtajan, 1959, 1969; Cronquist, 
1968, 1981), the Hamamelidales (Takhtajan, 1954, 1980; Hutchinson, 1969, 
1973), the Pittosporales (Thorne, 1976, 1983), and a separate order Buxales 
in Dahlgren’s (1983) Rosiflorac. Airy Shaw (in Willis) thought the Buxaceae 
to be related to the Euphorbiaceae and perhaps the Celastraceae. 

The pollen of Pachysandra and Sarcococca is similar. The spheroidal grains 
arc radially symmetrical. In Pachysandra they are polyforate. with more than 
12 apertures or foramina. They have a pattern characteristic of Croton L. and 
other Euphorbiaceae, with well-defined, regularly arranged triangular excres¬ 
cences of the sexine that form reticulate polygons. The pollen of Sarcococca 
Conzattii (Standley) I. M. Johnston (.V. guatemalensis 1 . M. Johnston) is quite 
different from that of the Asiatic species and that of Pachysandra (see Gray & 
Sohma), strengthening Sealy’s (1986) exclusion of this species from Sarcococca. 

The pollen of Buxus evidently in no way resembles that of either Pachysandra 
or Sarcococca, being similar, however, to that of Styloccras Juss. (Stylocera- 
taceae), a genus comprising four species of glabrous trees of western tropical 
South America and related to Buxaceae but differing, according to Airy Shaw 
(in Willis), in the naked staminate flowers with many more or less sessile anthers 
borne on a solitary bract, and in the locules of the ovary that are completely 
divided by secondary longitudinal septa (but cf Pachysandra procumbens). 
The staminate flowers of Styloccras appear to be simple androphylls, as in 
Didymeles, a genus of two arborescent Madagascan endemics and the basis for 
the Didymeleaceae, the fruits of which are large, one-seeded drupes (cf the 
berries o(P. tenninalis), the flowers evidently primitively simple, and the genus 
possibly having some relationship to the Buxaceae through the Stylocerataceae. 

It is of interest in passing that the distribution of the Buxaceae, the Stylo- 
cerataccae, and the Didymeleaceae together includes the major continental 


land masses of the world, suggesting that comparative knowledge of the alli¬ 
ances may contribute to a refined appreciation of phytogeography and a better 
understanding of the efficacy of isolation in phylogeny. 

The family is notable for the alkaloids that occur in its members. Gibbs 

noted, “steroid alkaloids in bewildering numbers occur in: Buxus, Pachysandra, 

Sarcococca’’' (p. 1217) and “the steroid alkaloids of the Buxaceae certainly 
define that family” (p. 1221). 

The Buxaceae arc economically important for various ornamentals used in 
horticulture, principally Buxus (various species, especially B. sempervirens L. 
and B. microphylla Sieb. &. Zucc., selections, and cultivars, including those 


variously known as English, Japanese, Korean, Chinese, and ‘California’ box 
or boxwood), and to a lesser extent representatives of four or five (see Bailey 
ct al. and Sealy, 1949) species of Sarcococca (including S. ruscifolia Stapf, sweet 
box, and 5'. saligna (D. Don) (Mull.-Arg., willow-leaf box) and Pachysandra 
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terminalis Sieb. & Zucc., Japanese spurge or Japanese pachysandra, widely 
used as a ground cover. The firm, close-grained wood of certain members of 
Buxus (especially B. sempervirens) is used for turning and engraving. Other 
products also find use in commerce. 

A useful liquid wax, difficult to synthesize commercially, is obtained from 
the seeds of Simmondsia chinensis (Link) Schneider {S. californica Nutt.), the 
jojoba or goatnut. Contrary to the connotation of the original epithet, this long- 
lived, low shrub (under cultivation attaining a height of three feet when staked) 
is indigenous to large areas of the Sonoran Desert of California, Arizona, and 
northern Mexico. Although long assigned to the Buxaceae (Muller; Pax, 1890; 
Hutchinson, 1967; Scholz), it constitutes a separate family taxonomically, the 
Simmondsiaceae.'' The seeds contain up to 25 percent liquid, unsaturated wax, 
which can be solidified by hydrogenation, used in the manufacture of extreme- 
high-pressure lubricants, especially for transmissions in heavy-duty vehicles. 
It is a suitable substitute in uses calling for spermaceti (sperm-whale “oil,” 
itself technically a wax), carnauba wax, and beeswax, and it is currently also 
used in a number of cosmetics. Resistant to pests and diseases, jojoba thrives 
without irrigation in areas where rainfall is less than 24 cm annually, with 
mature plants producing up to 12 pounds dry weight of seeds during the period. 
It has elicited considerable interest as a potential agricultural crop, not only in 
desert regions of the North American Southwest, but in arid regions of Argen¬ 
tina, Chile, Israel, Africa, and Australia. 

The monogeneric Simmondsiaceae have flowers with (4) 5 (6) tepals, nu¬ 
merous (8-12) stamens, unique pollen, and a solitary ovule in each of the three 
locules (cf. Pachysandra)', usually a single large seed with a large embryo and 
little or no endosperm; and anomalous wood structure with several concentric 
rings of vascular strands, besides other distinctive anatomical features. In pollen 
and anatomy Simmondsia has much in common with some members of the 
Centrospermae, although an actual relationship with them is difficult to en¬ 
vision, according to Airy Shaw (in Willis), who suggested that the most probable 
affinity of Simmondsia is with the Monimiaceac {sensu stricto), from which it 
differs in the syncarpous gynoecium and fruit and the scanty or absent endo¬ 
sperm. However, Wettstein (1924, 1935), Takhtajan (1969), Cronquist (1981), 
Thorne (1983), and Dahlgren all have associated Simmondsia with the Eu- 
phorbiales. Scogin (see references to Simmondsiaceae) found that in taxa from 
a wide array of families examined for cross-reactivity with Simmondsia anti¬ 
serum, a reaction was detected only with three species of Euphorbiaceae. It 


■•The name Simmondsiaceae is usually attributed to Van Tieghem (Ann. Sci. Nat. VIII. S: 289- 
338. 1897, the section on Simmondsia repeated almost verbatim in Jour. Bot. Morot 12: 103-112. 
1898), but nowhere did he use the Latin form. He always referred to the family as “Simmondsiacees." 
(And in none of his papers do wc lind anything but the French vernacular lorm tor family names. 


and frequently for generic ones. e.g.. “le genre Simmondsic.") Not being in Latin, these names are 
invalidly published. Insofar as wc have been able to determine, the name Simmondsiaceae should 
be cited as Takhtajan ex Dostal, Botanicka Nomenklatura, 217. 1957. Airy Shaw’s citation (in Willis) 
attributing the name to (Pax) Van Tieghem is certainly incoriect, foi nowhere did Van Tieghem either 


use the correct form of the family name or mention Pax. 
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seems clear that the relationships of Simmondsia, whatever they may be, are 
not with the Buxaceae as formerly thought. 

Because of the economic interest Simmondsia, a selected series of refer¬ 
ences to this genus is included here following those for the Buxaceae. 


References to Buxaceae: 


Alphin, T. H. a descriptive study of varietal forms in Buxus. Am. Jour. Bot. 27: 349- 
357. pis. /. 2. 1940. 

Bailey, L. H., E. Z. Bailey, & Staff of L. H. Bailey Hortorium. Hortus third, xxi + 

1290 pp. New York and London. 1976. [Buxaceae, 192; Pachysandra, 809; Sar- 
cucocca, 1006', Simmondsia, 1046.] 

Baillon, H. Monographic des Buxacees ct des Stylocerees. 89 pp. 3 pis. Paris, 1859. 

[Buxacces, including Sarcococca, Pachy.sandra, Buxus sects. Eubuxus and Tricera, 
71, 81-86; Slyloceracees, 72-81.] 

-. Cclastracees. Hist. PI. 6: 1-50. 1875. [Serie des Buis, 16-19; Buxeae, 47-49. 

Includes Bu.xus. Pachysandra, Sarcococca, Simmondsia, Styloccras.] English transl. 

by M. M. Hartog, Cclastraccae. Natural History' of Plants 6; 1-51. 1880. [Box 
series. 16-19; Buxeae, 48-51.] 

Baldwin, J. T. Boxwood. Boxwood Bull. 14(1): 10—13. 1974. [Popular account of 
Buxus. ] 

Barabe, D., Y. Bergeron, & G. A. Vincent. The position of Daphniphyllaceae, Bux- 
aceae, Simmondsiaceae and Cecropiaceae in the subclass Hamamelididae. A nu¬ 
merical study. Compl. Rend. Seances Acad. Sci. Ser. 111. Sci. Vie 294: 891-893 
895, 896. 1982.* 

Bentham, G. Notes on Euphorbiaceae. Jour. Linn. Soc. Bot. 17: 183-267. 1878. [Dis¬ 
agrees with Baillon; Buxeae maintained as a tribe of Euphorbiaceae, 205, 206.] 

& J. D. Hooker. Euphorbiaceae. Tribus 111. Buxeae. Gen. PI. 3: 265-267. 1880. 


[Simmondsia, Styloccras, Sarcococca, Bu.xus, Pachysandra.] 

Bolkhovskikh, Z., V. Grip, T. Matvejeva, & O. Zakharyeva. Chromosome numbers 
of flowering plants. A. A. Federov, ed. 928 pp. V. L. Komarov Bot. Inst., Acad. 
Sci. USSR, Leningrad. 1969. [Buxaceae, 182.] 

Cerny, V,, & F. Sorm. Steroid alkaloids; alkaloids of Apocynaceae and Buxaceae. In: 
R. H. F. Manske, ed.. The alkaloids 9: 305-426. 1967. 


Cheng. M., & T. L. Ming, cds. Angiospermae: Dicotyledoneae: Daphniphyllaceae, 
Callitrichaceac, Buxaceae. Empetraceac. Coriariaceac, Anacardiaceae, Pentaphyla- 
caceae. (In Chinese.) FI. Reipubl. Pop. Sinicae 45{I). vi -F 152 pp. Beijing. 1980. 
[Buxaceae, 16-60.] 

Cronquist, A. The evolution and classification of flowering plants, xii + 396 pp. Boston. 
1968. [Euphorbiales, 257-260; Buxaceae, Euphorbiaceae, Daphniphyllaceae, Aex- 
toxicaeeae, Pandaceae.] 

-. An integrated system of elassification of flowering plants, xviii -h 1262 pp. New 

York. 1981. [Euphorbiales. 729-740; Buxaceae, Simmondsiaceae, Pandaceae, Eu- 
phorbiaceac; Pachysandra icrminalis and Simmondsia illustrated.] 

Dahlgren, R. General aspects ofangiosperm evolution and macrosystematics. Nordic 
jour. Bot. 3: 119-149. 1983. [Simmondsiaceae placed in Euphorbiales in Malvi- 
florae, Buxaceae in Buxales in Rosiflorae.] 

Dang-van-Liem. Embryogenie des Buxacces; dcveloppement dc I’embryon chez le Bux¬ 
us sempervirens L. Compt. Rend. Acad. Sci. Paris 248: 1844-1847. 1959. 

Davis, G. L. Systematic embryology of the angiosperms. \ + 528 pp. New York, London, 
and Sydney. 1966. [Buxaceae, 65, 66.] 

Gamble, M. A. The Edgar Anderson Balkan boxwoods. Boxwood Bull 14(4): 57-63 
1975. 

Gentry, A. H. Family 99. Buxaceae. hi: R. E. Woodson, Jr., R. W. Schery, & collab- 
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ORATORS. FI. Panama 6. Ann. Missouri Bot. Gard. 65: 5-8. 1978. [Buxus citrifolia 
(Wind.) Sprengel, Panama and Venezuela; includes discussion of family.] 

— & R. Foster. A new Peruvian Stylocems (Buxaceae): discovery of a phytogeo- 


graphical missing link. Ann. Missouri Bol. Gard. 68: 122-124. 1981. [5. Brokawii, 
from lowland Amazonian Peru (Madre de Dios); illustrated.] 

Gibbs, R. D. Chemotaxonomy of flowering plants. 4 vols. (paged continuously). 2372 
pp. Montreal. 1974. [Buxaceae. 2: 916, 1217-1219, 1221; Simmondsiaceae, 2: 1074, 
1075.] 

Goldblatt, P. Taxonomy of the cultivated boxwoods, Buxus, Buxaceae. Boxwood Bull. 
16(1): 12, 13. 1976. [Chromosome numbers.] 

Gray, J., & K. Sohma. Fossil Pachysandra from western America with a comparative 
study of pollen in Pachysandra and Sarcococca. Am. Jour. Sci. 262: 1159-1197. 
map. 1964. 

Hatusima, S. a revision of the Asiatic Buxus. Jour. Dept. Agr. Kyushu Univ. 6: 261- 
342. p/s. 16-27. 1942. [26 species.] 

Hegnauer, R. Chemotaxonomie der Pflanzen. Band 3. Dicotyledoneae: Acanthaceae- 
Cyrillaceae. 473 pp. Basel and Stuttgart. 1964. [Buxaceae (including Simmondsia), 
318-322.] 

Howard, R. A. Notes on Buxus in the Lesser Antilles and on Mathou’s overlooked 
publication. Jour. Arnold Arb. 44: 96-100. 1963. [Crantzia Sw., Tricera Sw., and 
Buxus L.; Buxus species in the Lesser Antilles; Mathou’s monograph.] 

Hutchinson, J. Buxaceae. Gen. FI. PI. 2; 105-109. 1967. [Styloceras, Simmondsia, 
Sarcococca, Buxus (including Notobuxus), Pachysandra, Austrobuxus Miq. (1861) = 
Longetia nitida (Miq.) Van Steenis (Euphorbiaceae), Reg. Veg. 34: 59. 1964.] 

-. Evolution and phylogeny of flowering plants. Dicotyledons: facts and theory. 

xxvi + 717 pp. London and New York. 1969. [Buxaceae (“including Pachysandra- 
ceae (1858). Stylocerataceae Baill. Simmondsiaceae van Tieghem (1898)’’), 138- 
141, in Hamamelidales, 132-142; Pachysandra axillaris, illustrated, 140, and genus 
mapped, 141.] 

-. The families of flowering plants, ed. 3. xx + 968 pp. Oxford. 1973. [Buxaceae, 


228, 229, in Hamamelidales.] 

Johnston, I. M. Some undescribed species from Mexico and Guatemala. Jour. Arnold 
Arb. 19: 117-128. 1938. [Sarcococca guatemalensis I. M. Johnston, 121; thought 
by Johnston to be the only New World species of the genus; but see Sealy (1986), 
who excluded it, and Gray & Sohma, who noted its very different pollen.] 

-. New phanerogams from Mexico. Ibid. 20: 234-240. 1939. [Sarcococca guate¬ 
malensis antedated by Buxus Conzattii Standley, described from Oaxaca, Mexico, 
on the basis of incomplete material (fruit lacking); S. guatemalensis = S. Conzattii 
(Standley) 1. M. Johnston, 240.] 

Kohler, E. Pollen types in the genus Buxus L. s.l., their geographical distribution and 
implications for taxonomy (Buxaceae). Proc. Fourth Intematl. Palyn. Conf. 1: 264- 
267. Lucknow. 1978.* 

-. Pollen morphology of the West Indian-Central American species of the genus 

Buxus L. (Buxaceae) with reference to taxonomy. (French summary.) Pollen Spores 
23: 37-91. 1981. [Pollen of 37 species of Buxus examined by light and scanning- 
electron microscopy. Eight pollen types and five major systematic groups recog¬ 
nized.] 

Kupchan, S. M., R. M. Kennedy, W. R. Schleigh, & G. Ohta. Bu.xus alkaloids. XII. 
Benzamide alkaloids from Buxus sernpervirens L. Tetrahedron 23(12): 4563-4586. 
1967. 


Martin, A. C. The comparative internal morphology of seeds. Am. Midi. Nat. 36: 513- 
660. 1946. [Buxaceae, 574, 575; Buxus microphylla and Pachysandra terminalis 
illustrated; Simmondsia, 646.] 

Martin-Sans, E. Generalite de la presence d’alcaloides chez les Buxacees. Compt. Rend. 
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Acad. Sci. Paris 191: 625, 626. 1930. [Alkaloids in Buxus, Simmondsia, Pachysan- 
dra, Sarcococca, and Sly/oceras.] 

-& J. PoNCHET. Sur I’appareil secrcteur des Buxus. Bull. Soc. Hisi. Nat. Toulouse 

60: 231, 232. 1930.* 

Mathou, T. Recherches sur la famille dcs Buxacees; etude anatomique, microchimique 
cl systematique. These Fac. Sci. Toulouse Doc. Sci. Nat. 449 pp. p/s. 28-33. {pis. 
1-27 on numbered pages). Toulouse. 1939. 

Mauritzon, j. Kritik von J. Wigers Abhandlung “Embryological studies on the families 
Buxaceae, Meliaceae, Simaroubaccac and Burscraccac.” Bot. Not. 1935: 490-502. 
1935. 

Melikjan, a. P. On the position of the families Buxaceae and Simmondsiaceae in the 
system. (In Russian; English summary'.) Bot. Zhur. 53: 1043-1047. 1968. [On the 
basis of anatomical study of 12 species in four genera, concludes that Simmondsi¬ 
aceae should be separated from Buxaceae.] 

Muller, J. Buxaceae. DC. Prodromus 16(1): 7-23. 1869. [Tribes Buxeae {Styloceras, 
Sarcococca, Buxus. Pachysandra) and Simmondsieae {Simmondsia).] 

Naumova, T. N. Nucellar polyembryony in Sarcococca (Buxaceae). (In Russian.) Bot. 
Zhur. 65: 230-240. 1980. [S. humilis Hort. and N. Hoo/cerana Baillon.] 

-. On the embryology of the representatives of the family Buxaceae. (In Russian; 

English summary.) Und. 66: 1135-1145. 1981. [Buxus sempervirem, B. colchica, B. 
ha/earica. Noto/m.xus acuminata. Sarcococca.] 

Netolitzky, F. Anatomic der Angiospermen-Samen. Handb. Pflanzenanat. II. Arche- 
gon. 10. vi -I- 365 pp. 1926. [Buxaceae, 189, 190.] 

Orr, M. Y. Polyembryony in Sarcococca ruscifolia. Stapf Notes Bot. Gard. Edinburgh 
14: 21-23. 1923. [Up to seven embryos in a single seed; position of embryos suggested 
a nucellar origin.] 

Pax, F. Buxaceae. Nat. Pflanzenfam. III. 5: 130-135. 1890. [Tribes Buxeae (Ya/rycocca. 
Paclivsandra. Buxus). Stylocereac {Noto/ni.Kus, Stvloceras). Simmondsieae (Y/'/n- 
/wmAw). Nachtr. II-IV: 213. 1897.] 

-. Buxaceae K.1. et Gcke. Pflanzcnarcale 1: 82. map 70. 1927. [Map showing the 

worldwide distribution of the family; range of Pachysandra in the eastern United 
States inaccurate.] 

Radcliffe-Smith, a. A remarkable new species of Notobuxus (Buxaceae) from Tan¬ 
zania. Kew Bull. 36: 39-41. 1981. 

Record, S. J. Boxwoods of commerce. Bull. Torrey Bot. Club 47: 297-306. 1922. 
-& G. A. Garratt. Boxwoods. Yale School Forestry Bull. 14: 1-81. pis. 1-4. 


1925. 

Rupert, E. A., & G. L. Webster. A procedure for staining pollen nuclei when obscured 
by cytoplasmic inclusions. Stain Tcchnol. 47(4): 185-187. 1972. [Euphorbiaceae, 
Malvaceae, Buxaceae.] 

ScHOLZ, H. Reihe Celastralcs. Pp. 289-300 in H. Melchior, A. Engler’s Syllabus der 
Pflanzenfamilien. ed. 12. Vol. 2. [viii -t-] 666 pp. Berlin. 1964. [Buxaceae in Un- 
terreihe Buxineae, 297, 298.] 

Sealy, j. R. Species of Sarcococca in cultivation. Jour. Roy. Hort. Soc. 74: 301-306. 
Jiy. 108. 1949. [.S’. Hoo/xcrana var. digyna, S. sa/igna. S. humi/is. S. confusa. S. 
ruscifolia vars. ricscifolia and chinensis.] 

-. A revision of the genus Sarcococca (Buxaceae). Bot. Jour. Linn. Soc. 92: 117- 

159. 1986. [Eleven species, including one with three varieties, two with two varieties 
each, another with two forms.] 

SiMONET, M., & C. Miedzyrzechi. Etude caryologiquc de quelques esp6ces arborescentes 
ou sarmentcuscs d’ornement. Compt. Rend. Soc. Biol. Paris 111: 969. 1932. [Chro¬ 
mosomes of Bu.xus and Sarcococca'. .x = (7) 14.] 

Takhtajan. a. Proiskhozhdenie pokrytosemennykh rastenii. Soviet Sciences Press, 
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Moscow. 1954. English translation by O. H. Gankin. Origins of angiospermous 
plants. G. L. Stebbins, ed. 68 pp. AIBS, Washington, D. C. 1958. [Buxaceae and 
Simmondsiaceae in order Hamamelidales. 59.] 

-. Die Evolution der Angiospermen. viii + 344 pp. Jena. 1959. [Simmondsiaceae 

questionably assigned to Caryophyllales, 197, 198; Buxaceae in Euphorbiales, 215, 
216.] 

-. Flowering plants: origin and dispersal. Authorized translation [of The origin of 

angiospermous plants, ed. 2. Moscow. 1961] from Russian by C. Jeffrey, x + 310 
pp. Edinburgh and Washington, D. C. 1969. [Euphorbiales, including Buxaceae 
(including Stylocerataceae), Simmondsiaceae (Simmondsia), Daphniphyllaceae, Eu- 
phorbiaceae, Dichapetalaceae, Pandaceae, Picrodendraceae, 221.] 

-. Outline of the classification of flowering plants (Magnoliophyta). Bot. Rev. 46: 

225-359. 1980. [Order Hamamelidales, suborder Buxineae, Buxaceae and Sim¬ 
mondsiaceae, 265, 266, 350.] 

Thorne, R. F. A phylogenetic classification of the Angiospermae. Evol. Biol. 9: 35- 
106. 1976. [Buxaceae in order Pittosporales, suborder Buxineae; Simmondsia in 
Incertae sedis.] 

-. Proposed new realignments in the angiosperms. Nordic Jour. Bot. 3: 85-117. 

1983. [Simmondsiaceae in Euphorbiales between Euphorbiaceae and Thymelae- 
aceae; Buxaceae in Pittosporales, suborder Buxineae, including Buxaceae, Daphni¬ 
phyllaceae, Didymelaceae, Balanopaceac.] 

Tieghem, P. van. Sur les Buxacecs. Ann. Sci. Nat. VIII. 5: 289-338. 1897. [Morpho¬ 
logical and anatomical; Simmondsiacees recognized as a distinct family (but name 
never given in Latin form, hence invalidly published). Buxacees divided into tribes 
Buxees and Pachysandrees.j 

Underhill, T. L. The genus Sarcococca. PI. Propag. 21(2): 4, 5. 1975. 

Vasilevskaya, V. A., & G. M. Borisovskaya. Life forms and their evolutional trans¬ 
formations in the Buxaceae Dum. (In Russian; English summary.) Trudy Mosk. 
Obshch. Ispyt. Prir. Biol. 56: 9-104. 1981.* 

Wettstein, R. Handbuch der systematischen Botanik. ed. 3. viii + 1081 pp. Leipzig 
and Vienna. 1924. [Reihe Tricoccae, including Euphorbiaceae. Dichapetalaceae. 
Buxaceae, Callitrichaceae, 591-599.] ed. 4. x + 1152 pp. Leipzig and Vienna. 1935. 
[Reihe Tricoccae, including the same families plus Daphniphyllaceae, 672-684.] 

WiGER, J. Ein neuer Fall von autonomer Nuzellarembryonie. Bot. Not. 1930: 368-370. 
1930. [Nucellar polyembryony in Sarcococca pruniformis Lindley.] 

-. Embryological studies on the families Buxaceae, Meliaceae, Simarubaceae and 

Burseraceae. Thesis. Printed by H. Ohlsson, Lund. 1935.* [Buxaceae, 5-38.] 

-. Reply to remarks on my paper on Buxaceae, Meliaceae, etc. Bot. Not. 1936: 
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tincte, Ics Simmondsiacces. Jour. Bot. Morot 12: 103-112. 1898. [A repetition of 





1987] 


CHANNELL & WOOD, BUXACEAE 


249 


the section on Simmondsia in his paper “Sur les Buxacees” published in 1897 (see 
references under Buxaceae and footnote 4); Simmondsiaceae not validly published.] 
Vasudeva Rao, P. H. V., & E. R. R. Iyengar. Studies in seed morphology and ger¬ 
mination in jojoba {Simmondsia chinensis Link). Curr. Sci. Bangalore 51: 516-519. 
1982.* 

Wallace, C. S., & P. W. Rundell. Sexual dimorphism and resource allocation in male 
and female shrubs of Simmondsia chinensis. Oecologia 44: 34-39. 1979. 
Yermanos, D. M. Agronomic survey of jojoba in California. Econ. Bot. 28: 160-174. 
1974. 

1. Pachysandra Michaux, FI. Bor.-Am. 2: 177, 178./?/. 45. 1803. 

Evergreen or semi-evergreen, erect, decumbent, or prostrate, sympodial 
[shrubs, subshrubs, or] perennial herbs, usually with [woody or] fleshy rhi¬ 
zomes, fibrous roots, and simple, alternate, exstipulate, petiolate leaves with 
glabrous, glabrescent, or pubescent, variously toothed, subdentate to nearly 
entire blades with prominently 3-nerved pinnate venation. Inflorescences spi- 
cate, basal [or axillary or terminal], the distal portions occupied by 5-40 ped¬ 
icellate, subsessile, or sessile carpellate flowers. Staminate flowers subtended 
by a single ciliate-pubescent bract, and with a perianth of 4 decussate, imbricate, 
ciliate tepals sometimes with accompanying bracteoles, and (2 or) 4 (or 6) 
distinct stamens with long-exserted, thickened or compressed clavate filaments, 
each surmounted by a linear-oblong, rotund to sagittate, dorsifixed, longitu¬ 
dinally dehiscent, introrse anther, the connective sometimes prolonged as an 
appendage; pollen spheroidafi polyforate, with polygonal ornamentation. Car¬ 
pellate flowers inserted on the inflorescence axis below the staminate flowers, 
subtended by 7-13 distinct imbricate herbaceous bracts, with 4 or more acute 
tepals; ovary [2- or] 3-carpellaie, the carpels connate below, each with 2 locules 
separated by a false partition, each locule then containing a single pendent 
ovule; the styles [2 or] 3, subulate to linear, erect or spreading at anthesis, 
becoming recurved in fruit; stigma linear or linear-lanceolate, papillose, usually 
sulcate, covering the inner surface of the style branches. Fruit capsular [or 
baccate], indehiscent but becoming detached basally and falling entire. Seeds 
trigonal, with [or sometimes without] a micropylar caruncle, the smooth, glossy 
testa finally hard and dry, dark brown or black, the endosperm whitish and 
oily, the embryo straight, the cotyledons considerably broader than the radicle. 
Type species: P. procumbens Michaux. (Name from Greek pachys, thick, and 
andros, of a man, alluding to the thick filaments of the stamens.) 

The genus includes four species: Pachysandra procumbens, Allegheny spurge 
or Allegheny-Mountain spurge, indigenous to the southeastern United States, 
and three indigenous to eastern Asia. Pachysandra terminalis Sieb. & Zucc. 
(China and Japan) and P. axillaris Franchet (Yunnan, China), as their epithets 
connote, are well marked and, together with P. procumbens, easily distinguished 
by the disposition of the inflorescences; P. slylosa Dunn (China) is characterized 
by its long, prominent styles, recurved in fruit. Treated by Robbins (1962) on 
the basis of herbarium material as comprising six taxonomic varieties, the last 
species deserves reexamination on the basis of more and better material. Cheng 
has recently (1980) treated P. stylosa as a variety of P. axillaris. 
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The geographic distribution of the genus, with a single species endemic to 
the eastern United States disjunct from the four of eastern Asia, exemplifies 
the well-known affinities of the floras of the two regions pointed out by Asa 
Gray in 1840 and elaborated bv him in 1846. Fossil evidence of the occurrence 
of Pachysandra in the western United States might be thought to lend credence 
to the belief that the genus was a member of the northern temperate “Arcto- 
Tcrtiary” flora, but Leopold & Macgintie pointed out that Pachysandra “ap¬ 
pears to have had ancestral types at middle latitudes in America well before 
the "Arcto-Tertiary’ flora came into being.” They further suggested that the 
“Pachysandra-Sarcococca group may well have had a New World origin.” The 
center of morphological and taxonomic diversity, however, is clearly in eastern 
Asia. 

Gray & Sohma have shown that Sarcococca and Pachysandra have distinc¬ 
tive and related pollen structure. Although the pollen morphology of the two 
genera merges when they are viewed as a whole, some types are distinctive— 
for example, the pollen of P. proewnbens has a sculpture pattern and a pore 
frequency that set it off from that of other species of Pachysandra and Sar- 
vcocca. Muller noted that Pachysandra-Xype pollen is known from the Cam¬ 
panian ofCanada and from the Campanian-Danian interval of Germany. Later 
Cretaceous records of the group come from deposits of Maestrichtian age in 
Wyoming (Leopold & Macgintie), California. Montana, and Canada (see Mul¬ 
ler). In the eastern United States pollen of the P. procumhens type is known 
from the middle Eocene and from the Miocene (Leopold & Macgintie). “Most 
of the available western records of the group appear to be related to Old World 


L 


species.” 

Believed to have survived the geologic changes of the past few million years 
in the limestone plateau country of central Kentucky, Tennessee, and adjoining 
states, Pachysandra procumhens is now of local occurrence, for the most part 
in rich woods of moist ravines near streams. 

Braun considered Pachysandra procumhens to be a characteristic herbaceous 
plant of the Western Mesophytic Forest Region, an area having as its eastern 
boundary the western escarpment of the Cumberland and Allegheny plateaus 
and as its western boundary the loess blufls of the Mississippi River. She 
remarked that, although commonly thought to be rare, it is an abundant plant 
of mesophytic woods in the region. 

Pachysandra procumhens is of some floristic, phytogeographical, and wild- 
flower interest. A strongly rhizomatous herb of rich woods, it displays sym- 
podial growth, the shoots bearing approximate, mottled, strongly dentate, 
pubescent leaves, urticaceous in superficial appearance, and abscising as si¬ 
multaneously replaced by new growth from scaly basal buds in spring. (As 
might be expected, anomalous flowers with two or four styles instead of three, 
and five stamens instead of four, have been described.) Old reports of the 
occurrence of the plant in West Virginia and New Jersey, as well as at Memphis, 
Tennessee, are probably erroneous but arc of considerable interest if verified. 
The species has been reported from central Kentucky, central and eastern 
Tennessee, western North Carolina, western Georgia, Alabama, Mississippi, 
the Marianna Caverns in Jackson County, Florida, and the Tunica Hills of 
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Figure 1 . Pachysandra. a-h, P. procumbens: a, portion of plant with fruit, x 1 / 4 ; b, 
inflorescence, carpellate flowers below the staminate, x 1 / 2 ; c, staminate flower, x 2; d, 
stamen, x 4; e, carpellate flower, x 2; f, carpel, the lower portion in longitudinal section 
to show the single ovule suspended in each of the 2 locules, x 4 ; g, semidiagrammatic 
cross section of young ovary to show 6 locules, each with a single ovule, x 6 ; h, mature 
fruit, X 1; i, seed, x 3 . 


Louisiana. Its distribution outlines the dissected portion of the Highland Rim 
Province surrounding the Central Basin of Tennessee, but it is not known to 
occur on outlying portions of the Rim isolated within the Basin. 

Robbins (1962) has reported results of investigations of embryology and life 
history in Pachysandra procumbens. Microspore mother cells undergo the first 
meiotic division, giving rise to two dyad nuclei without cytokinesis. The second 
division, followed by simultaneous furrowing, results in a tetrahedral arrange¬ 
ment of the pollen tetrad. Excrescences of the sexine, arranged as reticulate 
polygons, develop after the microspores are released from the mother-cell wall. 
(See J. Gray and J. Gray & Sohma for illustrations of pollen.) 

The ovary is divided into six locules by three true and three false partitions. 
Early in development the ovary is three-locular, each locule enclosing two 
ovules. Later it becomes six-locular by formation between the ovules of sec¬ 
ondary partitions that are thinner than the original septa (see Figure 1). Dif¬ 
ferentiation of the ovules and the appearance of the archesporial cells occur in 
late June of the year prior to anthesis, which happens as early as February of 
the following year. 

The anatropous ovule has two integuments. The archesporial cell, differ¬ 
entiating from a hypodermal cell of the nucellus, divides, forming a primary 
parietal cell and a primary sporogenous cell, the latter, pushed into the nucellus, 
functioning as the megaspore mother cell. The primary sporogenous cell is 
separated from the nucellar epidermis by several layers of cells, a characteristic 
of crassinucellate ovules. 

Megagametophyte (embryo sac) development follows the Polygonum or nor¬ 
mal course, being of the monosporic, eight-nucleate type. Pollen tubes make 
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their way between the stigmatic papillae down through the tissues lining the 
slylar canal, passing between the cells rather than penetrating them. Before 
fertilization a protuberance (obturator) develops by proliferation of placental 
cells immediately dorsal to the ovule. Growing downward, it meets the outer 
integument, which has grown over and enclosed the ovule, and continues to 
develop until it forms a hood over the nucellus, possibly functioning in the 
penetration of the pollen tube into the ovule. Proliferation of the outer integ¬ 
ument in the micropylar region results in the formation ofa prominent caruncle, 
a conspicuous feature of the mature seed. All of the nucellar tissue, except the 
epidermis and groups of cells at the chalazal and micropylar ends of the seed, 
disappears with development of the cellular-type endosperm, which constitutes 

the bulk of the seed. 

The trigonal, black, shining, carunculate seeds are shed in July and August, 
remain dormant through the following fall and winter, and germinate in late 
March and early April in close proximity to the parent plants, beneath leaf 
litter, usually in direct contact with moist mineral soil. Rupture of the seed 
coat occurs as the rapidly growing primary root emerges through the caruncle. 
Eventually the seed coat is shed, the cotyledons and epicotyl still enclosed 
within the surrounding fleshy endosperm. The cotyledons and epicotyl even¬ 
tually emerge, with only remnants of the endosperm then being evident. 

The cotyledons, which persist for as long as a year, have thick, glossy, green 
blades and short petioles, the latter undergoing elongation as development 
proceeds. Within six weeks of germination, the minute epicotyl develops into 
a short aerial stem bearing three to five small foliage leaves. Growth is slow, 
the shoot attaining a height of only five inches by the end of the first year. 
Sccondar>' aerial shoots develop from the base of the initial shoot at the point 
of attachment of the cotyledons. The rapid growth of these shoots results in 
the establishment of lateral branches that soon overtop the primary axis. Pro¬ 
tuberances that develop along with the lateral aerial branches are evidently the 
source of the rhizomes and adventitious roots. Eventually the seedling develops 
a sympodially branched rhizome system. The flowering of seedlings was not 
observed, although their development was followed for three years. 

Established clones of Pachysandra procunibens have a well-developed sym- 
podial system of rhizomes terminated by decumbent aerial shoots surmounted 
by a cluster of approximate leaves, diminishing in size distally and mottled 
pale green (if not silver) on dark green in late fall and winter. Upon excavation 
clones with as many as 38 aerial shoots were found to be interconnected by 
underground rhizomes. Each aerial shoot dies as the result of abscission, which 
occurs in spring as a new vegetative bud gives rise to a replacement shoot. A 
lateral vegetative bud, already established at the base of the old shoot stub, 
now rapidly develops into a new aerial shoot. This process, repeated succes¬ 
sively year after year, results in the prominent and characteristic sympodium, 
one actual analysis of which estimated the age at 34 years! “Dichotomous” 
branching of the axis occurs when two lateral buds of a single segment develop 
into leafy shoots. Indeed, the typical circular growth habit of well-established 
clones of considerable age is attributable to the repetition of such branching. 
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It seems plausible, therefore, that an entire “population” may in fact represent 
a single clone, having developed from one plant by repeated sympodial growth 
and dichotomous branching, followed by subsequent fragmentation or degen¬ 
eration of older portions of the rhizome system. 

By early May or June of the year prior to the spring in which a given aerial 
shoot abscises, not only is a lateral shoot bud developed but so also are one 
to three flower buds. These occupy a lateral position, well below the point of 
shoot abscission. Anthesis occurs as early as mid-February in the vicinity of 
Nashville, Tennessee, but usually during the last week of March and early 
April. Either the staminate or the carpellate flowers may open first. In some 
instances the staminate flowers will have fallen before the carpellate ones open. 
There appears to be no single, regular, progressive order of events with respect 
to the details of flowering—probably the differential effect of short-term en¬ 
vironmental influences upon the preformed flower parts. The conspicuous white 
staminal filaments elongate rapidly, well overtopping the sepals. The originally 
erect style branches diverge, curve outward, and expose the inner stigmatic 
surface, which is covered with minute papillae. 

The whitish pollen grains are exposed by longitudinal splitting and slight 
recurving of the anther walls. A heavy “rain” of pollen onto the carpellate 
flowers below commonly occurs, with a glistening appearance of the stigmatic 
surface presumably indicating receptivity. Soon after anthesis the anthers fall, 
carrying with them adherent pollen and thus possibly providing a second op¬ 
portunity for pollination. 

During anthesis the staminate flowers emit a rather penetrating odor faintly 
resembling that of carnations or, to some people, the essence of ammonia or 
of an amine. It has been described as being pleasantly fragrant at the outset, 
later becoming sharp and penetrating. Insects, including beetles and bees, have 
been reported to visit the staminate flowers but never the carpellate ones. Red 
spiders (mites) covered with pollen have been observed on and in both types 
of flowers. There is no question but that the staminate flowers are structurally 
equipped to attract insects and are effective in doing so. In addition to the 
attractant features of the conspicuous white filaments and the abundant whitish 
pollen, the existence of a central nectary in the staminate flowers would appear 
to be especially significant. Evidence that self-pollination occurs is unques¬ 
tionable. That insects provide a medium for cross-pollination seems not only 
possible but probable. 

The plant is hardy well to the north of its native range and is sometimes 
grown as an ornamental novelty in partial shade, where it spreads slowly. 
Isolated clones in cultivation —indeed, those in nature—behave as though they 
may be genetically self-sterile, apparently never setting seeds. That fruits are 
seldom seen in nature is believed to reflect actual absence, as opposed to faulty, 
casual, or cursory observation. 

In the self-pollination experiments of Robbins (1962), 50 plants, collected 
from five different populations, were used. These bore a total of 288 carpellate 
flowers, representing a potential of 1368 seeds (on the basis of six seeds per 
fruit). Of the 228 flowers self pollinated, only 104 set fruit, with a potential of 
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624 seeds. However, only 17 seeds were actually produced, and these by only 
three plants. Ten fruits contained only one seed each, two contained two seeds 
each, and only one contained three. 

The crossing experiments made use of 43 plants with a total of 191 carpellate 
flowers, representing a potential of 191 fruits and 1146 seeds. Only 57 (30 
percent) of the flowers set fruit, and only six of these produced seeds, the total 
number of seeds being 12. 

Of the 423 carpellate flowers on 40 plants used in the initial apomixis test 
in which pollen was withheld, 87 (21 percent) set fruit, but none produced 
seeds. In a “replication” of the experiment the following spring, 98 carpellate 
flowers on 28 plants were observed. None of these produced fruits. In a third 
replication 95 carpellate flowers on 13 plants were observed, but again no fruits 
were set. In all experiments 248 fruits out of a potential of 1991 were produced. 
The total number of seeds produced was only 29, these being recovered from 
only nine fruits. 

The experiments indicate that the species is both self- and cross-compatible. 
The possibility of apomixis being involved, although unlikely, cannot be ruled 
out entirely on the basis of the negative results obtained. The general paucity 
of fruits in nature tends to mitigate against apomixis, however. Pollination 
could be shown to be a stimulus to apomictic development, for in most pseu- 
dogamous species the embryo begins development autonomously, but the en¬ 
dosperm will not develop unless it is fertilized. 

The overall results of these experiments further emphasize previous obser¬ 
vations that development of fruits in Pachysandra procumbens is sporadic and 
that seed production is generally rare. This implies that the species may indeed 
have a very low degree of sexual fertility. Vegetative propagation has assumed 
a major role, with reproduction involving seeds occurring only rarely. As pre¬ 
viously pointed out, the possibility exists that an entire population occupying 
the slopes of a ravine could represent a single clone, having originated vege- 
tatively from a single plant. 

The combination of rhizomatous habit, morphological constancy, restricted 
habitat, and low sexual fertility indicates that Pachysandra procumbens is a 
nonaggressivc if not “senile” species with a very low evolutionary potential. 
Like other persistent perennials of low sexual capacity inhabiting ecologically 
closed communities, P. procumbens no doubt benefits from either a sustained 
low or a sporadic incidence of sexual output. Whether or not genetic self¬ 
incompatibility operates between and among clones is not known, although 
the crossing results suggest the existence of such a possibility. 

Of the species of Pachysandra, P. terminalis is clearly the most important 
economically, being widely used in horticulture as an ornamental ground cover 
since its introduction into the United States in the 1800’s. It is known in the 
trade by the somewhat contrived name Japanese spurge. Its glossy evergreen 
leaves, low. creeping growth habit, and tolerance of shade make it an attractive 
subject for ground-cover use. It is propagated vegetatively. It is unique in having 
terminal inflorescences and two-carpellate, white, baccate fruits (cf. Didymeles), 
described as about the size of a ‘Delaware’ grape, the pulp decidedly sweet. 
Other distinctive characters include the elevated veins of the adaxial surface 
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of the leaf blades, the comparatively small stigmatic area occupying only the 
distal one-third of the style branches, the presence of a coriaceous bract and 
two bracteoles subtending each staminate flower, and the somewhat elongated 
pedicel of the carpellate flowers. 

Although Pachysandra terminal is in cultivation is subject to attack by various 
insect pests and fungus diseases, it is in general resistant to them. Dodge (1944a) 
reported that canker blight or leaf-spot disease of the plant is due to the fungus 
Volutella pachysandricola. He also noted susceptibility to fungi of the genera 
Phyelosticta and Glocosporum and to attack by the scale insect Chionaspis 
evonymi. 

While the leaves of Chinese plants of Pachysandra terminalis are reportedly 
somewhat smaller than those of the Japanese ones, no taxonomic significance 
has yet been attached to the difference. Variegated selections with ivory-white 
areas confined to the leaf margins have been described and are extant in the 
horticultural trade. 

Pachysandra stylosa Dunn var. glaberrima Hand.-Mazz. also finds limited 
use in ornamental horticulture, mainly as a ground-cover subject, being similar 
in gross aspect to the preceding. 

Horticultural use of Pachysandra axillaris and the varieties of P. stylosa is 
rarely, if ever, encountered, although individuals of these species are occa¬ 
sionally grown for exhibition in botanical gardens. These plants for the most 
part present a more nearly woody, even shrubby habit of growth and have 
thicker, more coriaceous leaves than do the other two. It would appear that 
they deserve greater attention horticulturally. 
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